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ABSTRACT

A method of making zinc sulfide based electroluminescent

5 phosphors 1s described wherein a first-fired zinc sulfide

material having a hexagonal PB-ZnS crystal structure is at least

partially converted to a distorted hexagonal B-ZnS crystal

structure by ultrasonic 1rradiation. The first-fired material
is then fired at a lower temperature to form an

10 electroluminescent phosphor.
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Method of Making Electroluminescent Phosphor Using Sonochemistry

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisicnal

Application No. 60/385,095, filed 5/31/2002.

TECHNICAL FIELD

The present invention relates to methods for producing zinc
sulfide-based electroluminescent phosphors. More particularly,
this invention relates to methods for inducing defects 1n the

e

crystallographic structure of zinc sulfide to promote

electrolumlinescence.

BACKGROUND OF THE INVENTION

Electroluminescent (EL) phosphors are 1ncorporated into numerous

thick-film, alternating-current, EL display devices. One
particularly i1mportant class of EL phosphors 1is the copper-
activated zinc sulfide phosphors which include the commercially
important 2nS:Cu,Cl and ZnS:Cu,Mn,Cl phosphors. 1In the
manufacturing of these ZnS-based phosphors reference 1is
typically made to at least a two-step firing procedure involving
some kind of intermediate comminution or chemical treatment step
between the two firing steps. For example, U.S. Patent No.
2,745,811 teaches a synthesis method 1nvolving double firing
with a re-mixing between the firing steps and U.S. Patent No.
3,082,344 teaches a synthesis method involving a first-step

firing at high temperatures, followed by light crushing of the

L n e, b A TN ML s 10 A ¢ T R g G RN c: < B W £ I gl I [ 4  (PRAIERE A 1B e m S e i L g R B A d e C S N Y (32 VA AT NPT AT PR TR ST I NP chats crammm e s e s s e e e T P VA AL ) LU I 2 a TP HRT TR ST P 0 A oA | A O TR o | IR Gt AR 5 MR el ¢ R



10

15

20

29

CA 02428811 2003-05-15

DOCKET NO. 01-2-128 PATENT

material, and then a lower temperature second-step firing. U.S.

Patent No. 3,076,706/ teaches a synthesis method involving a

first-step firing at high temperatures, followed by a hydrogen
peroxide etching step, and then by a low-temperature second-step
firing. U.S. Patent No. 3,082,433 (1963) teaches a two-step
firing process wherein the first-step firing is conducted in a
sulphurizing atmosphere at a high temperature, followed by a
second-step firing (baking) at a lower temperature in an oxygen
or alr atmosphere, and then a subsequent cooling step involving

raplid quenching in an alr atmosphere.

More recently, attention has been focused on intermediate steps

involving the application of mechanical force to the material
from the first-step firing. For example, U.S. Patent No.
4,859,361 teaches a synthesis method involving a first-step

firing at high temperatures followed by a low-intensity milling

step designed to change the crystallographic structure of at
least a portion of the material After the low-intensity
milling, the material is subjected to a low-temperature, second-
step firing to form the phosphor. 1In a similar manner, U.S.
Patent 5,043,496 teaches a synthesis method involving a first-
step firing at high temperatures followed by a low-intensity
milling (or mulling) step designed to convert some of the
nexagonal ZnS to 1ts cubic crystalline form and then by
supsequent low-temperature second-step firing. Comparable
methods are also disclosed in U.S. Patent Nos. 5,702,643 and
0, 711,898. In Japanese Patent Application 02-094287, the

mechanical force is applied through isostatic pressing. 1In

particular, the synthesis method involves a plurality of steps
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including a first-step firing followed by 1sostatic pressing of
the intermediate material at between 200 to 2000 kg/cm® and then
by a low temperature annealing. In Japanese Patent Application
09-059616, an impact force 1s applied to the particles by
causing accelerated particles to collide with one another, e.qg.,

jet milling.

The application of an i1ntermediate mechanical force coupled with

a low temperature second-step firing 1s thought to contribute to

the development of line-shaped or stria-like crystal
imperfections, also referred to as crystal stacking faults, that
are assoclated with the luminescent lines or striae observed
with EL phosphors. These luminescent lines, luminescent striae,
and/or comet-like luminescent sites are critical parts of the

observations by Gibson and Carnell, Phys. Rev. 125, 149 (1962),

and the electroluminescence models developed by A. G. Fischer.
See, e.g., A. G. Fischer, J. Electrochem. Soc. 109 (11), 1043-
1049 (1902); A. G. Fischer, J. Electrochem. Soc., 110 (7), 733-

747 (1963); and A. G. Fischer, Luminescence of Inorganic Solids,

edited by Paul Goldberg, Academic Press, Yew York, chapter 10,

F

541-601 (1966). Much of this prior art is reviewed in the

Phosphor Handbook, edited by S. Shionoya and W. Yen, CRC Press,

NY, Chapter 9 (section two), 0601-612 (1999).

SUMMARY OF THE INVENTION

Sonochemistry 1s the science of using the acoustic energy in

ultrasound to bring about physical and chemical changes.

Ultrasound 1s broadly defined as sound having a frequency above

about 18-20 kHz (the upper limit of human hearing) to about 100
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MHz. High frequency ultrasound above 5 MHz 1s used for medical
imaging and is generally not useful for sonochemistry since it
does not produce cavitation 1n liquids, the source of chemical

effects.

We have discovered that 1t 1s possible to apply the principles
of sonochemistry to the synthesis of zinc sulfide-based
electroluminescent phosphors. 1In particular, the present
invention applies sonochemistry in order to generate a

controlled population of the crystal stacking faults that are

associated with the luminescent lines or striae observed with EL
phosphors. The identifiable crystallographic structural changes
that occur as a result of sonochemistry processing appear to be

related to crystalline microstructural changes associated with a

partial conversion of hexagonal ZnS to a distorted hexagonal

crystalline form. The structural changes are a function of the

ultrasound power (intensity) introduced.

In accordance with one aspect of the invention, there is
provided a method of making zinc sulfide-based

electroluminescent phosphors, comprising:
a) firing a mixture of zinc sulfide, at least one
activator, and a flux to form a first-fired material having a

hexagonal [B-ZnS crystal structure;

b) suspending the first-fired material in a liguid medium;
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the first-fired material to a distorted hexagonal (-ZnS form by

ultrasonic irradiation of the suspension; and

d) firing the at least partially converted first-fired

material to form an electroluminescent phosphor.

BRIEF DESCRIPTION OF THE DRAWINGS

F

FIG. 1 1is a schematic representation of an apparatus for

ultrasonic i1rradiation.

FIG. 2 1s a set of x-ray diffraction patterns that illustrate

the crystal structure changes effected by the ultrasonic

irradiation.

FIG. 3 is a set of x-ray diffraction patterns that 1i1llustrate

the nearly complete conversion from the distorted, residually
stressed hexagonal 7ZnS crystalline form to the final cubic 7ZnS

form of the phosphor.

FIG. 4 1is a plot of the performance several phosphors produced

1)

with different sonification times and a constant sonification

amplitude.

FIG. 5 i1is a schematic illustration of another embodiment of an

apparatus for ultrasonic irradiation.
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DETAILED DESCRIPTION OF THE INVENTION

For a better understanding of the present i1nvention, together

with other and further objects, advantages, and capabilities

thereof, reference 1s made to the following disclosure and
appended claims taken 1n conjunction with the above-described

drawlings.

Zinc sulfide 1s essentially stoichiometric and exists in two

polymorphic forms, namely cublc low-temperature o-7ZnS

(sphalerite, space group F43m) and hexagonal high-temperature -

znS (wurtzite, space group Posmc). The phase inversion between o

and B forms is reported to occur at 1020°C. The method of this

invention uses the acoustic enerqgy from the ultrasound to cause
a partial change 1n the hexagonal high-temperature B-ZnS form to
a distorted hexagonal crystalline form. The change brought
about by the sonochemical processing is associated with non-
uniform strailn or microstress, also referred to as residual
stress or process—-induced stress. These terms emphasize the
fact that the stress remains after all external forces are
removed. This distortion in the hexagonal form is identifiable
by x-ray diffraction line broadening measurement techniques

(e.g., differentiation of the Bragg law).

In one embodiment, zinc sulfide-based electroluminescent
phosphors are formed in a two-step firing method wherein the
ultrasonic irradiation occurs between firings. In particular,
the method begins by combining zinc sulfide, at least one

activator source, and a flux to form a mixture. Typical
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activators include: Cu, Cl, Mn, Au, Mg, I, Br, and F. Sources
for these activators 1include compounds such as chlorides,
bromides, iodides, fluorides, carbonates, sulfates, e.g., CuSO4,
AuCl, MnCO;, ZnCl,, halogenated alkaline earths and metals. For
chloride-containing phosphors, a preferred precursor 1s a zinc
sulfide containing 1 wt.% chlorine. Typical fluxes include

BaCl,, NaCl, MgCl,, ZnCl,; and mixtures thereof. A preferred flux

is a mixture of NaCl, BaCl,, and MgCl, which is added in an

amount from about 2% to about 10% by weight of the mixture.

After the precursor materials have been combined, the mixture 1is
fired 1n a first step at a temperature and for a time sufficient
to form an activator-doped zinc sulfide having the hexagonal B-
ZnS crystal structure. Preferably, the mixture is fired at a
temperature from about 1050°C to about 1400°C for about 2 hours
to about 8 hours. After cooling, the first-step fired material
1s washed to remove the flux, suspended in a liguid medium, and
lrradiated with ultrasound (e.g., 20kHz, 600W-750W). Although
other liquid media may be used, the preferred liquid medium is
water. The ultrasonic 1irradiation of the suspension is
continued until at least a portion of the first-step fired
materlial 1s converted to a distorted hexagonal B-ZnS crystal

form. In the experimental setup used herein, the period of

ultrasonic i1rradiation was from about 10 minutes to about 90

minutes.
The ultrasonic irradiation may be performed in a single

container as 1n the experimental setup illustrated in Fig. 1.

Here, the aqueous suspension 3 1is placed beaker 9 and the probe
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of the ultrasonic horn 7 is inserted into the suspension. The
suspension 1is stirred by mixer 5 during the ultrasonic
irradiation. The entire suspension 1s then irradiated until the
desired amount of conversion 1s obtained. Such a system works
well on a relatively small scale, but may not be as effective
for large-scale manufacturing since the amount of suspension
which can be effectively irradiliated 1s limited by practical
considerations such as the power of the ultrasonic transducer
and the ability to circulate the suspension 1in larger

containers.

In another embodiment, the ultrasonic irradiation may be
performed by circulating the suspension through a relatively
small cell having an ultrasonic transducer. This is illustrated
in Fig. 5. Circulating pump 17 pumps the suspension 14 out of
the holding tank 15 and into cell 13 through line 16. The

ultrasonic transducer 11 1s positioned to irradiate only that

portion of the suspension which passes through cell 13. At
least a portion of the irradiated suspension is then returned to
holding tank 15 through recirculating line 19. The suspension
1s continuously circulated through cell 13 until the desired
amount of conversion 1s obtained. In this way, the acoustic
energy of the transducer 1s concentrated in a smaller volume and
only a portion of the suspension is being irradiated at a
particular time. As a result, larger batches of material may be
converted without resorting to more expensive high-power
equipment which would make the process more econcomic for large-

scale manufacturing.
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After the first-fired material has been 1rradiated, a second-
step firing 1s then used to substantially convert the first-step
fired material to a cubic a-ZnS form. Preferably, the second-
step firing is conducted at a temperature from about 500°C to

about 1000°C for about 1 hour to about 5 hours. In the case of

copper-activated phosphors, the first-step fired material 1is
then blended with a prescribed amount of copper, preferably in
the form of copper sulfate, before the second-step firing. The
phosphor resulting from the second-step firing is then washed to

remove resldual reactants and undesirable byproducts.
The following examples are provided. These examples are

intended to be 1llustrative and should not be construed as

limiting the i1nvention.

znS:Cu,Cl EL Phosphors

—

A quantity of 550.0 grams of chlorinated ZnS (about 1% by

welght) 1s blended with 1.17 grams of anhydrous CuSO4. This
mixture 1s blended together with flux materials consisting of 3%

BaCl,;, 3% MgCl; and 2% NaCl by weight. The blend is placed in

covered crucibles and fired in a furnace at 1160°C for 3.5
hours. The fired cakes are taken out of the furnace, cooled and
washed with DI water to remove fluxes before drying in an oven.

This first-step fired material which has the high temperature

hexagonal B-ZnS crystallographic form is then suspended in water

to form an aqueous slurry and subjected to sonification as shown

in Fig. 1. The sonification is continued for a specified time
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and at an amplitude (intensity) to induce a partial change of

the hexagonal form to a distorted hexagonal crystalline form.

The first-step fired material 1s then filtered, dried and sifted
through a 100 mesh stainless steel sieve. To this, 3.9%

CuS04° 5H2O0 and 25.6% ZnS0O4 by weight 1s added and the combined
material re-blended. The re-blended materials are placed in
covered crucibles and fired in a second step at 730°C for 2.25

hours.

This second-step fired material is washed twice with water,
twlice wilith acetic acid, and then several times with hot

deionized (DI) water until the wash solution is free from acid.

It 1s then washed with KCN and then with hot DI water to remove

residual cyanide. The second-step fired material is then

filtered, dried and sifted through a 325-mesh stainless steel

sieve to form a finished phosphor.

Fig. 2 1s a set of x-ray diffraction patterns of first-fired
materlials before and after various sonification conditions. The

patterns demonstrate the partial change of a controlled part of

the activator-doped zinc sulfide material from the high-

temperature hexagonal PB-ZnS crystallographic form to the
distorted hexagonal crystalline form. This is characterized in

particular by line broadening in the diffraction line around

20 = 39.6°. This change is to be contrasted with the pattern of

a first-step fired material before ultrasonic irradiation (first

pattern) and the pattern of a first-fired material after being

- 10 -
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subjected to a conventional mulling technique (second pattern).
Unlike the controlled change demonstrated with sonochemistry,

the mulled material exhibits gross changes in the shape of the

diffraction lines at around 26 = 30.5° and 39.6°.

Fig. 3 1s a set of x-ray diffraction patterns that show the

change from the distorted high-temperature [Pp-ZnS hexagonal

crystalline structure to the low temperature o-ZnS form as a

function of different sonification settings and the second-step

firing. Finished phosphors were incorporated into conventional

thick-film EL lamps and the performance results are given in
Table 1. The lamps were laminated between sheets of a moisture-
resistant ACLAM polymer film and operated at 100 volts, 400 Hz.

The % cubic ratio in Table 1 is defined as the intensity at the
33.1° (20) cubic reflection divided by the sum of the intensity
of the 33.1° (20) cubic reflection plus one-fifth of the

intensity of the 26.9° (20) hexagonal reflection;
I(33.1°)/(I1(33.1°)+41(26.9°)/5).
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Table 1
Sonification '5%(hﬂxn: Efficacy 24-hr
Sample Time (min)** Ratio (lm/W) Brightness X Y
(ft.L)
1-A | 0 14 | 4.79 11.8 | 0.187 | 0.418
1-B 15 EY. 5.97 |  30.8 0.186 | 0.447
1-C 30 10 5.66 34.2 0.188 0.457
1-D 45 76 | 3.96 33,3 0.189 | 0.462
1-E 60 EE 4.65 30.4 | 0.189 | 0.460
Control* mulled | 70 4.45 30.8 0.190 0.467

* Control sample was prepared by a conventional, low-intensity milling
(mulling) treatment.

** [Jltrasonic Processor, Model GE600, probe #V1A (Sonics & Materials,
Newton, CT); 600 watts, 20kHz

A plot of these data is shown in Fig. 4. The optimum
sonification time appears around 30 to 45 minutes with an
improvement in the measured brightness of from 8% to 11%.

P

Table 2 represents the effect of the different sonification

times and amplitudes (in terms of % useful 1ntensity of the

sonification unit). Using this experimental setup, the 2Z24-hour

brightness (in ft.L), malntenance (24 hr. brightness/100 hr.
brightness), and efficacy all appear to be optimal at 30 minutes

and 100% intensity. Moreover, the data show that the method of

this invention 1is capable of producing EL phosphors having

better performance characteristics than those made the prior art

method.
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While there have been shown and described what are at present
considered to be the preferred embodiments of the i1nvention, it

is anticipated that the conditions for achieving the optimal

L.

conditions will vary depending on such factors as the frequency

and intensity of the ultrasound, the composition of the liquid
medium, the amount and type of material acted upon, and the

geometry of the container. However, such variations are readily

apparent and within the skill of those in the art. It will

therefore be appreciated that wvarious changes and modifications

may be made without departing from the scope invention as

defined by the appended claims.
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CLAIMS

We claim:

1. A method of making of zinc sulfide-based electroluminescent

phosphors, comprising:

a) firing a mixture of zinc sulfide, at least one
activator, and a flux to form a first-fired material having a
hexagonal [-ZnS crystal structure;

b) suspending the flrst-fired material 1in a liguid medium;

c) at least partially converting the crystal structure of

the first-fired material to a distorted hexagonal (-ZnS form by

ultrasonic irradiation of the suspension; and

d) firing the at least partially converted first-fired

material to form an electroluminescent phosphor.
2 . The method of claim 1 wherein said mixture at a temperature
from about 1050° to about 1400°C for about 2 hours to about 8

hours.

3. The method of claim 1 wherein the suspension 1is

-

ultrasonically i1rradiated from about 10 minutes to about 90

minutes.
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4, The method of claim 2 wherein mixture contains copper and
chlorine.

5. The method of claim 4 wherein the first-fired material is

blended with a source of copper after the ultrasonic irradiation

and prior to the second firing.

6. The method of claim 5 wherein the blended material is fired

at a temperature from about 500°C to about 1000°C for about 1 to

5 hours.

7. The method of claim 2 wherein the at least partially

converted first-fired material 1s fired at a temperature from

about 500°C to about 1000°C for about 1 to 5 hours.

8. The method of claim 1 wherein the first-fired material is

suspended 1n water and the ultrasound has a frequency of 20 kHz.

9. The method of claim 1 wherein the suspension containing the
first-fired material 1s circulated through a cell having an

ultrasonic transducer.

10. The method of claim 9 wherein at least a portion of the

suspension 1s recirculated through the cell.

11. A method of making of zinc sulfide-based electroluminescent

phosphors, comprising:
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a) firing a mixture of zinc sulfide, at least one
activator, and a flux at a temperature from about 1050° to about
1400°C for about 2 hours to about 8 hours to form a first-fired

material having a hexagonal -ZnS crystal structure;
b) suspending the first-fired material 1n a liguid medium;
c) at least partially converting the crystal structure of
the first-fired material to a distorted hexagonal PB-ZnS form by

ultrasonic irradiation of the suspension; and

d) firing the at least partially converted first-fired

material at a temperature from about 500°C to about 1000°C for

about 1 to 5 hours to form a zinc sulfide-based

electrolumlinescent phosphor having a cubic a-ZnS crystal form.

12. The method of claim 11 wherein the phosphor is activated

wilith copper.

13. The method of claim 12 wherein the first-fired material is
blended with a source of copper after the ultrasonic irradiation

and prior to the second firing.

14. The method of claim 11 the first-fired material is

suspended 1n water and the ultrasound has a frequency of 20 kHz.

C e AmeTe e L aeadelea. 1YV BTS2 DALY Dl ¢ A S ST e ARSI AP . T A e ] I PR st e e AR S AW BT T e e TR TSRO SN VI L e o0 AN 3 S N o My B\ e A st s P I TR el WA Y £ N ARy AN P TS O N A AR A At e LR M A T e e e A T DN A TR 4 8 L A A B i r cn M S



CA 02428811 2003-05-15

. . P s v A B s | [ foe XS e ] . [F L ot
D R M IR NG -2 L | WA i h oo it el v w"_“".’.rqm. Ry v LT L O L R L Iy S i AR 5 ¢ @ MDA POt bt =t i MR, it i - A e d A vty (e B d A + [ Y A 1w WW‘WJM{BWM v Oty mp APy T i g WAL« - - &) el oo 3 M



CA 02428811 2003-08-29

 all o
N

.
f... .‘h'

.r.w a.,wM M -

) v % e 3 -
3 (g £ =y 419 v,

. - t\bl K
: L i $ 3 = ,
; M o...o.....c.#..'i-wuluIluufuvhff(éi!)ﬁ!%v!!l!!lllll.rlllllllllli’.octoo!o.v.qlfolfg 1(-(..(.(.(),)'..!}.!!.1!lvlllollllltttttt%ttoro..o..fc..%uituul‘ilvifvvéiﬂggii BCA uuulluuuuu.&lllllllocoo A SOOPODDIPIhpie Ml THDY ..." )
-

I i e e e M e S S
ST AL LA ddddddddbdddddddbddddlddddddddddidddddddbddddddtbdttta U A AL A, B, R e e e e R e e A e e A A A A A B BB ELEE S RRAA S e g Jlt..l().?).'.!..ll..f - VL A . N - T
'l"l"l"""”l.".'-.-"'-'u- i\i‘%))”’)%”””"'..l.r’.".'.""'l"l..l..l".'f’.'....'."".'..".'..'Qi -

~ g LY d
) . s
) '

-

{

.

a'v™
.._v‘oloolv"

na XE
A - i.

/
|

P il et " VAN

FEEFAFYFSEE AL
y "'“'.-.-.w.-.-.ﬂ.-.-.m

f

TN T N T YY) g !%? Ll ot St S ol ol S Al o o ol

ARAasE s rrTrrrrrrrbebrt ettt as s sanr Ry e e e e e e e e

SREHIGE $,00] TSSINURL &1 PU ;%,ﬁx, DR 354,

V'.f-f.’-'-'.’-'- mhAuresdennsdey

N .J..-.
bliL A

nnnnnn
........

e Y e ey Ty Ty YRR TS YIS Y SN NN R PR N R R R N R
WH{A)J\G(J)O T TTT LTS 2 o R L L e it -w.;-. Sl d il ddd bbdddddd A ™,

o l\)..l.l.l.tt".!’.!’.',l.
K

/..A».e a /.4.+ 4. m

.w, *

J

.-.-.-.u.-.-.-ﬂ-"""'

e o el
E ‘:Hr- waey
Balialas o
]

e de .. rurn o

W
i e o 0 ....-.o.o.o(.to.v(.o(io((((ggg
opmuhuR SO0 SHIAUNL G DURDSEIIN DO IR

Phrt bbbt OOt ettt PR IR RRARRERR R EPEERE R R R R R R R e e e e e
i o o Y v

t_-t..--'-" -"..'.".

Wttt

NAAGARALAdann e nn s

RN

’J’J’J’llJJlllllllll'.'...""""l""""l'y‘l‘(}(‘(;‘(;;l(si%g’J”‘lllllllll.(“""""""““h“h“ﬂ?ﬁ))’)!’”],'l""ll'lllli‘l.lli.’i.."l 'l}”'.’\)f, ..'\C"'l}'f. l;l"l!(/\ ﬁl\).fl.l.lll...llllll') n!«.r{ i w
- / \"‘.Il /

B e l)IlttttttIt'tt.tl..0..0090QC!O'!OC!"(‘%((%%%);PJJPJE L “
r .r/. > : ; L4 -
< . "4 M ,._... % .M. m : .
: } / | ]
,. m ! = % :
] LA . “
" { 3 i { ] mw
i {{ P
i CX X X 0 3 2 5 5 Al A Al o o o o o ))JI.I.JI.IUI!lllll.llUﬁ0!!!(!00!000!!o.o.o.00!9”%999!090090990!!!!’ Lt - M-MMN
R e e A il O i h i o e it bttt i ..r .{. r
i 2 ) - 1 o iy .J i =3 Y > % A L R ~ o;. . - > M '
MH#M/-. WMM : w A M: ?”%M.”.. " M/f : u._..”..m..r ' Mcm M" 4 M-wwr-H .ﬁv”wM.?rr wJMM»uWavMNJ.MMWM w mv”wu.uw : m (JM .a. u)v.m u.c.fm
4 . w 0 v ; . . o P

--------

e e e e e A e A A A A, A, B, B, S PR BTE e e R N R R A A A A S A S A S LA AL AR RS A TR e8P SR PR e e e e e e e
."" - -

l(lrlf'qlqlrlf'.'.'.l"l..l..'...””..l.l.;an Ell’(‘lf).’.l l/ l‘.‘llr'-l. 'J

m
M

- e l.l.l.l.l‘-ﬁ M.... %
1.( e a 1.553-???: ra f; _u\.

Reranssomnnnresrerrrbtbboébtvrerrnen

e .(t().’..-r’l.l.l.l!lllllo.o.o.o.'o.”o.o.!lI...t"lI.vlIC.‘C'C'll...,.v.vIll‘ilIl‘!l‘(l‘(&l‘"i"‘l%%‘;’j uu).ll.llllll!ll'lt!0!90999909"""".‘(!‘.‘)‘

N ;5
5 o

#

»® [ S T T I p‘f‘j

/W-F"-FN#F-FJ-'F..-' LR

Py PR LYV EFETEE LYY o
wiefew '."Ir‘r- REN,
""‘.-.A.-mm.-

[

t Rt A AT
m,lJl”l”’lll’lllllllllIl'0“ﬁ’0....’....f."."."‘}%({%g;"ll.'l.'.ll.!’o."’llfl"ll'.,‘l"(“(ﬁ%’i”!”""l'lllll.l."”""""i"'l"l L 30 5 A S
0

BONEGR oL TUHNURE T QUBOSEN [ROHA 18

£ %' a.ftafc

R

‘, -
h 2
........ AT IA XTIy - Teeswewrhn - .- 3 -’ -
N e A, A A 8,8 ny e R e e R YL LI LT e et e e e e e e e e e e e e e e e I ettt S Wl W . W . S e AubtbbudbBEEEDeeeNen R RE R Amad M”/.. o M uﬂ
.)..-rlrlrl.llt.lltt!""".'l;.v.,l.,l.l.,‘.l;!.(..,ll(n.! JJ.D.U)’I...’QQU.UUU.””N”NN””Illlll””“““““””““””””””l”ll.”.ll)”llllllt Q.O!Oo”.s”l”lr!“lh.l.l. o T C NN LI L L LD Ll L L L L L L L W QO!!I!’.."!"C’Cli.,l.,l;l.,ll;lcrnm- 411§§J~ -1(7\((()-2; JJ()(-().J..CJ(J!!!.." l‘.d 3 Vj
""t’."""."."."..". %'.".”".”......................‘0’CQ...“."Qvtcvti J '} & (' \ » ~
" y f 5 -
h ] a
h M - b [
h ' M
" . .
[ ]
r .
' M.w A 'l <
3 ] a [
. ' Mr a h
. b a w a h
» a B b
b a » a
»
B oo o e e e e e . |
wggg)jﬁgiil?!!!!oIlvllvqtoooovllu.l.l.......-.,u..!.!.!i“ff(ffpfp}{p})ﬂfff)?{(?)\(v«?uﬂt(?)!))!))!))?o.uu.nu..uu..u-.u...........:..croo&oIlu.u.-,u-...1(5%%%’!)!?!!!!!1l.!!!l.j.l.l.l!!llllllllllUIllllllllllllltlllltttovooofovoovoll((g’(o( .a\..f(\
~ A M S /-..r { o= : g2 n ;.r v ' .,..... “~ R T S L WY "
IR m.. RS nd Had .ﬁ.cmwww:w R SURIE~ n“.m,.,..m
" tat o W... f PP, | .

%

Py wenaana
- .'MJ""_

,..,"Hi'rrl,‘” we

FPOPERRRRPRS " LTI L L L \ Satat * % . . -~ : S e i.'. tErwravere v - J .]l'.'..q..'.....'......'..........'."E”‘ .f. M’MW %A
hidy 0\\01 e &f)x(!-r.l.d.r-nl((. T vl rclf..r)_n.» ll.-..-)ocl‘ll....f pu....tl.-f-rlsnrw!.).- a....\l n\- L]
N, e;ﬂ.,. . u... «.HM 3
fﬂ.\\- } M
)
". L]
: !
3 §
! :
: .
h

L
TAAASL wmpptr

m b m u...c. -
............. e At et o oy e, e e, i, B, e, e e R e T e R e T e T S A T A AR A A A A AL A A B L e e Rl Lt ls s SRV IEREEER R L L .m
ai p w XN m ﬂ
Ty Badtag §8A
1 mw

L LTy

¢
$
§

.m.

:

ESHE R .uw

13

g%%))))))))))))))])))))))-({.\l..l!.ll.l.tltltItt-.Ot!’!.!o‘"ll""!l'!.ll-.ll‘i‘l‘;l‘;l“;l‘“‘l;l‘}ul(i
............. N T N T e T A A Ay ey A e e e ettt it i
fag IR - ,_)lt’t-.o.tl!o.'!iiill.v;lll;llf#f(f%ﬂ%ﬂ%%)é‘)’)!)ill!ll.lllllllllllllllllllllll!-()v-m t\‘]l!'"l'lllliit

]

A“‘ Y3 X232 3222232 %)

'.'_-_-_.J'-’m
"-.,...'.J‘I.Q- “n_

M#.-a-.ﬁ.-.- (R PR A P

rrrrrrrrrrrrrrr

MMWM.'.‘.‘.‘F.‘.'F -8
Ry

(m'

Y

-, -, ey e P ..'...'.'..((({ﬂ%%gggg;’bul.'.':'.l..c’.'...'...”’.lrb seesennsnvrernrhbbrebrrbbbetbrennnn ‘-



CA 02428811 2003-08-29

e

- ’
-

ity w tr LE (%,

l’l!".l%l‘l.!ll‘l...f!ttjﬁf AT ™
Yo aeee ')'-'-' -~ ‘e Y /'

DBYUNA JOUGSTY PRYSINS

.- . l.ll!“l'lll.’l'llll'll.l.lr”l.bc)\f)
llll!Dl”3’3"}!)))’)?)?lfff?):????aa;“‘!(‘0"I'l!!!"t.llll‘ll -, ?"J}’?}}?’JZ£{{{((ﬁﬂ‘(‘€((‘1((‘U!IC'!QQ'Q‘!! ~ " ~
I e S L LR LA L L }'!900!II1llt'.!!!3)?)))))’)3??‘(34(‘1?OO!IU?Qtl!QQOQttittlllll1'0'l!l!l'!tl’?’)?t3?3’]))!”)?)J){f{(¢liﬂlltlifiiill - AR~ PP PP N '
-

N

»

...,fvﬂffr;1dk'Jth
Aty

‘e a i lds e r L L L g L

T T ST S0 STINURY § ) PUBTSBAYT YISO PEysig

S Y I T L L L

R RS T R E DL L

l.()\({()\()})l(((t“.vl‘t.n."llsOll..0..o..0o...tItttl..Illll...llllll”é%&%ﬂ(ﬂ%““.!liill!tf!’.tllll.!l.!l..-«!.’

%

!
;

n

T

2

wr'aerreeRRPrreh bbb prn el
o e, ‘e aw RtttV T r ey PP T E RN RN, Ayl
N e TS llllllClO.C'!00!.ltlll)‘))?3??)??)????))))?))2‘1‘((1!0l.OOIUIDOII!ll’l ’.‘00’!Qtlllllllll!.!F”1lb)”#))lff‘fi(((((l(‘l‘!’!0""0.”’?Oliiiilllii’iJ'l QQ\(‘R“I(((((((‘ e A g .
r)l,lelft({(gf((( .‘l!‘iﬁ’!’l!'\l‘l!Q""J3,,),)’)))))))2???)?2((((‘((‘
ooty \’.’gl

%«. J.,
. M :

(4 4] PPI TSI L L L 4 A L 4 d d dud
redbrowesss \E(Q\O’tt’!!lt!!lllil!!!i%%t L L
\3‘000!!th&O!OiQ!IIIQ!!IIIO’!))})})})))?%%%

SONWIOWE %00 SlURE G PUAUSRAY J0ystyg pOUSIULY

\.r.r\.»

...-f"")

wfewra w”
=pRARRA

I e

*

*

/
|
i

-~

-

4

»

/
'

Lalal B I e,

R UYL Py

: i, 3 3
iﬁ%@h@wwg%:.ﬁﬁ:g. AT AR et “Snininininiuirty Vvo%ﬁu&ﬁ%«ﬂ“ﬂﬂ.:uww.ﬂﬂ cemwaerns ey eTemnnnan

JSSﬂﬂ(Q‘HJ

%

ot e P TY T L L R L L L A

(O

!Cl.!”lllllllll!lllllIlJlJJJJ!??)2(*((((((‘1((((((‘(1(‘lUO990!.!!!!!!!’?
B mm RS n R R
\sS%r(t{1!?1{WS

- HOUIRS

- ‘GOQQQQ\tﬂ(!OQQIll.’,)’))(?’)?lfl‘(((((((((("l!J‘
(cf??(((t(f((((((([(l!'f J]QQQI!‘!!IIII!!\III.!?)JJ)J))??))3??2??1((((((‘(‘@‘ll.%&ﬁl!!!i”tl!!!l!l!””)’)’?f. (l)??)’J??)3))J)?J?fl((((t(((((ﬁﬂﬂ((\\(((‘ (X1 20 dr )
]

J P

§
i
¥

.’u’..‘....".

Q -7 SRS

p
,w

e

‘re e Prrr et bR R,

'i---.\o-u\
»

Pt

zﬁwm A3 X

\” bt
(X T I I L Ll Ll g d b »

bwid b d

\&,JP
L P

‘wu'e By

i.\(’l’{.."‘i}u‘ﬂ".’."‘."‘é

Lvidy &

c't'\-‘-

(PR EFEEEE S WY o ataly

AR P abbbna.

(

AR rrerEPrrn R,

- !I!l‘(iit’!’!f!f.t.l!JlUP!IJJ2?’???)?)?)?JJIE((((((((((((llﬁ!lﬂ!loC0000t.tllllUlJIJI’l!?!?!’)’?})??)?)zhf
"'

AnETE SL00)  SOINUR 1Y DUBOSEIEN IOUHE0N DRI -7 OB

_VJ!c rti

v
)
]
.
.
’
’
*
.
)
.
1
]
]
]
.
"
v
]
»
’
»
»
v
[
[
!
»
.E
Y
.
.
.
v
]
v
.
v
]
]
.
)
*
’
.
*
*
*
.
.
.
]
‘
’
.
L |
’
[]
1
’
»
E

A oL e
\a;-..i.«l/m.uﬁ ™ ﬂ...vs w

))))’))’2!((((((‘(((((‘(((([‘.."’.’Qf‘l’.”)")’)\
\ii%%%‘%\!#’ftt!lll!l!llI.o!!l)l e
‘((((‘.l((“...'.....".'lIIJ“"”Dt”))))J’Jff“(f‘i(iﬂﬂ’!‘(1!"00’00!111Ill..l!’!’.l)””” 'SQWQIl.!!.llf'.!!'f’!f!llllll””le‘)’!))b“&ﬁgﬁiqll‘CC.].ll”’l D wm e, . .l’!t'lll!"’f”.,}ff
o'w' -f b wvendbRonas
~ "= ey A e b BB
e, By gty g

" . ’ﬁ \!

o’
m {

K
3
M
"..,,

e AASAE L.,

%

TR Rt eSS e B R R B AR A AR AALLAS AN W W e e e YRR RS t.!!!!l.(?.t?! Wa &

meAha

Crw TS A AR RS AR RARSLLSfl S

G e e e SRR T LR R T L L L N

2 P 3 E.. m. SR O 77 DURGSRAT RIS PaUSHIL 2-F MEUES

e %, >
t e 222 & R T B A b b b R R R kA
Cea R R L T L L L DLl bl b h ot b (2 LT RO L L L b - - X | n“”

oo : ve Y, : .,w
!;.3./?\..\%}.«11( % mw \\ J-...)?{...(rr M. S WL
4 ¥

2
N
;
!

s

o Y Y XX NN N L R g L it

R T T T T L L e A s A
e

3
¥

- -am e,
e FR e ==

e

£
‘f'V'."...'-‘4#l
A
2

:’r-.

4

.&ll!!t”””"".'lll””)’)‘ .ww

d s )%ﬂﬂ%ﬂ%cf.to.’ot'ei’trllull'!!!\!
\!!.lli’\-’?’t%«v&%\\((l\.\lC!Ct’!ttttttllt!!llltllll’#%%ﬂ(%i!!!!!‘!!!"!o TrebbbuvarpraanBBRRAAR
FE I X L L L L 4 4 doddd

FENHHUE 500 THOINUEA (i PuUnOTRL 0 50114 DOUSHL w7 DHLEG

E



CA 02428811 2003-05-15

- O - o -
¥ O N -

(7'W) ssaupybug Jy-pz

vy
l

h T e ' ; i - R e T LA Ry Seen e s s A e et - n Py mmv RN regye - ¢ ¢ 7e XY ERAS Dcem AlwE 8 ceea e AR Y N

60

40 50

30
Sonification Time (min)

-
~—

T T e ARt e iiie e v\



CA 02428811 2003-05-15

11

13
1 o

i
- >l4

-I- )

15 19

LW S T O et a1 TR SO m e - Uit S NI S - S X MR PR B Al gt e e s A S N AT A i - By o 4 A AR gt 5 e VN W I, D A STV s - S e i e A M PR S TS b o . e VT, iy O P P A P AN S ST A Y S R (S W4 W RSN VWS o - AR g






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - abstract drawing

